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Spin-based searches for axions and ultra-light dark matter
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Spins as local quantum sensors
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a directional detector for WIMP dark matter 

using color centers in diamond 

[S. Rajendran, et al., Phys. Rev. D 96, 035009 (2017)]

NV center



AMO searches for permanent electric dipole moments (EDM)
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[W. B. Cairncross, et al., Phys. Rev. Lett. 119, 153001 (2017)]

HfF+ electron EDM experiment at JILA
ACME collaboration:

electron EDM with ThO

[J. Baron et al., Science 343, 269 (2014)]
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[W. B. Cairncross, Jun Ye, Nature Reviews Phys. 1, 510 (2019)]

[D. DeMille, J. Doyle, A. Sushkov, Science 347, 1100 (2015)]
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5th force and dark matter searches with optomechanics
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[D. Carney, et al., arXiv:2008.06074]

dark matter coupling to mass

[A.D. Rider, et al., Phys. Rev. Lett. 117, 101101 (2016)]
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5th force, dark energy, and other new physics 

searches using levitated particles as test masses:

[D. Carney, et al., arXiv:1903.00492]



Entanglement as a resource for HEP-relevant quantum sensors 
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QND measurements, back-action evasion

detector figures of merit can sometimes be improved by making 

use of quantum correlations, such as entanglement, squeezing

measurements beyond SQL

[D. B. Hume, et al., Phys. Rev. Lett. 99, 120502 (2007)]

[I. Lovchinsky, et al., Science 351, 836 (2016)]

[LIGO collab., Nature Photon. 7, 613 (2013)]

[O. Hosten, et al., Nature 529, 505 (2016)]

dynamic hamiltonian engineering of many-body 

spin systems

[J. Choi, et al., Phys. Rev. X 10, 031002 (2020)]

quantum sensor networks

[D. Gottesman, et al., Phys. Rev. Lett. 109, 070503 (2012)]

[E. Khabiboulline, et al., Phys. Rev. Lett. 123, 070504 (2019)]
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